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Abstract of JP5008140 

PURPOSErTo use an electrostatic chuck 
preferably for a heat CVD unit or the like to be 
used under conditions of high temperature and 
middle to high vacuum, prevent warping or 
distortion in a wafer in heat processing the 
wafer, and achieve a uniform heat for the 
whole surface of the wafer. CONSTITUTIONS 
film-type electrode 1 is formed on a main 
surface 4a of a disc-like ceramic substrate 4. 
An insulation dielectric layer 2 comprising 
silica nitride or the like is formed on the disc- 
like ceramic substrate 4 covering the film-type 
electrode 1 to be integrated. The film-like 
electrode 1 is thus included between the 
ceramic substrate and insulation dielectric 
layer 2. An electrode terminal 5 is embedded 
in the ceramic substrate 4, the film-type 
electrode 1 is connected with one end of the 
electrode terminal 5, and an electrode cable 6 
is connected with the other end of the 
electrode terminal 5. This electrode cable 6 is 
connected with a positive pole of a DC power 
supply 8, and a negative pole of the DC power 
supply 8 is connected with a ground wire 7. 
The insulation dielectric layer 2 comprises 
ceramic of a pore ratio of 3% or less, and a 
pore diameter of 5 m or less for the maximum 
pore. 
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(54) ELECTROSTATIC CHUCK 

(57)Abstract: 

PURPOSE: To use an electrostatic chuck preferably for 
a heat CVD unit or the like to be used under conditions 
of high temperature and middle to high vacuum, prevent 
warping or distortion in a wafer in heat processing the 
wafer, and achieve a uniform heat for the whole surface 
of the wafer. 

CONSTITUTION: A film-type electrode 1 is formed on a 
main surface 4a of a discHike ceramic substrate 4. An 
insulation dielectric layer 2 comprising silica nitride or 
the like is formed on the disc-like ceramic substrate 4 
covering the film-type electrode 1 to be integrated. The 
film-like electrode 1 is thus included between the 
ceramic substrate and insulation dielectric layer 2. An 
electrode terminal 5 is embedded in the ceramic 
substrate 4, the film-type electrode 1 is connected with 
one end of the electrode terminal 5, and an electrode 
cable 6 is connected with the other end of the electrode 
terminal 5. This electrode cable 6 is connected with a 
positive pole of a DC power supply 8, and a negative 

pole of the DC power supply 8 is connected with a ground wire 7. The insulation dielectric layer 
2 comprises ceramic of a pore ratio of 3% or less, and a pore diameter of 5 m or less for the 
maximum pore. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrostatic chuck characterized by said insulating dielectric layer consisting of 
ceramics with a pore diameter [ of 3% or less of porosity, and the maximum pore ] of 5 
micrometers or less in the electrostatic chuck which covers one principal plane of an electrode 
with an insulating dielectric layer, is constituted, and adsorbs the adsorbate-ed electrostatic on 
this insulating dielectric layer. 

[Claim 2] The electrostatic chuck according to claim 1 characterized by the ingredient of said 
ceramics being any one sort of silicon nitride, alumimium nitride, beryllia, a magnesia, a spinel, 
and the alumina of 97% or more of purity. 

[Claim 3] The electrostatic chuck according to claim 1 which said electrode is formed in one 
principal plane of a ceramic base, and is formed so that said insulating dielectric layer may cover 
said electrode to the principal plane of one of these further. 

[Claim 4] The electrostatic chuck according to claim 1 which said electrode was formed in one 
principal plane of a ceramic base, it was formed so that said insulating dielectric layer might 
cover said electrode to the principal plane of one of these further, the resistance heating 
element was laid under the interior of said ceramic base, and was constituted so that said 
adsorbate-ed could be heated by energizing to this resistance heating element and making it 
generate heat. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In processing or inspecting the sample which consists of a dielectric 
material, a semiconductor materia), etc, this invention relates to the electrostatic chuck which is 
fixed electrically and holds these samples. 
[0002] 

[Description of the Prior Art] In the process which processes or inspects a semi-conductor 
wafer, it is necessary to fix to the position of a processing machine or an inspection machine, 
and to hold a wafer. Conventionally, as semi-conductor wafer fixation in such a case, the all 
directions type of mechanical immobilization, a vacuum chuck, and an electrostatic chuck is 
known, for example, it is used for the object for conveyance of a semi-conductor wafer, 
exposure, membrane formation, micro processing, washing, dicing, etc. 

[0003] On the other hand, especially, by semi- c onductor wafer heating in membrane formation 
processes, such as CVD and a spatter, and temperature control, if temperature of the heated 
side of a semi-conductor wafer cannot be equalized, it will become the cause of the yield fall at 
the time of semiconductor production. In this case, in mechanical immobilization, since this whole 
semi-conductor wafer surface is not necessarily equally pressed down at the time of wafer 
heating even if rt installs a semi-conductor wafer, for example in the wafer heating surface of a 
flatbed heater while membrane formation becomes an ununrformity, in order that a pin may 
contact the front face of a semi-conductor wafer, curvature and distortion arise to a semi- 
conductor wafer, and a clearance is locally generated between some semi-conductor wafers and 
a flat wafer heating surface, and the crown of 10 to 3 or less Torrs — in a vacuum, since heat 
conduction by the convection current of gas is very small, a temperature gradient becomes very 
large between the part which touches the heating surface among semi-conductor wafers, and 
the part which the clearance has produced. Moreover, the so-called vacuum chuck cannot use a 
spatter, a CVD system, etc. under the conditions of an inside high vacuum. 

[0004] On the other hand, the electrostatic chuck can improve display flatness of a sample, can 
be fixed, and since it is easy handling, it is useful especially in the semi-conductor manufacture 
field. 

[0005] The electrostatic chuck which holds a sample electrostatic uses the suction force of two 
capacitor plates by which the electric charge was carried out on the contrary, end consists of 
samples of an electrode, a dielectric layer and conductivity, or semiconductance. The adsorption 
power F of the sample in such an electrostatic chuck is greatly influenced by the dielectric layer 
between an electrode, conductivity, or a semiconductance sample, and. generally is expressed by 
it by the degree type. 

F= (1/2) epsilonr2 epsilono S2 CV/t) (1), however epsilonr : Specinc-inductive-capacity epsilono 
of a dielectric layer : Dielectric-con stant-of-^acuum S : Electrode surface product V : Applied 
voltage t : Thickness of a dielectric layer [0006] Abovo (1) It is specific-inductive-capacity 
epsilonr of a dielectric layer, so that thickness t of a dielectric layer is thin, as shown in a 
formula. Even if it uses it by the low battery, the fixed adsorption power F can be acquired, so 
that it is largo. Moreover, applied voltage can be enlarged, so that the withstand voltage of a 



dielectric layer is high. Furthermore, since a sample is repeatedly fixed to a dielectric layer, 
abrasion resistance is required. 

[0007] Conventionally, the poh/tmide film or the ceramic film was used for the application of an 
electrostatic chuck as a dielectric layer. (The 128-133 pages of for example, the "application 
mechanical- engineering" magazine May. 1989 issues etc.) . 
[0008] 

[Problem(s) to be Solved by the Invention] However, when the polyimido film was used as a 
dielectric layer of an electrostatic chuck, the problem was in abrasion resistance. Moreover, in 
any [ using the polyimide film and the ceramic f»m ] case, at an elevated temperature 200 
degrees C or more, since the faP of withstand voltage was remarkable, there was a problem that 
sufficient adsorption power for it to become impossible to impress a big electrical potential 
difference, and hold a wafer etc. was not acquired That is. the conventional electrostatic chuck 
was what can be used only to at most 200 degrees C. This invention tends to cancel the 
technical problem mentioned above, and tends to offer an elevated temperature 200 degrees C 
or more and a desirable electrostatic chuck usable to the temperature of 400 degrees C or more. 

[0009] 

[Means for Solving the Problem] This invention covers one principal plane of an electrode with 

an insulating dielectric layer, is constituted, and relates to the electrostatic chuck characterized 

by said insulating dielectric layer consisting of ceramics with a pore diameter [ of 3% or less of 

porosity, and the maximum pore ] of 5 micrometers or less in the electrostatic chuck which 

adsorbs a sample electrostatic on this insulating dielectric layer. 

[0010] 

[Example] 

(Example 1) Drawing 1 is the outline sectional view showing the electrostatic chuck 16 
concerning the example of this invention. One in drawing is a film-Eke electrode and is formed in 
one principal plane 4a of the disc-like ceramic base 4. And the insulating dielectric layer 2 which 
consists of silicon nitride is formed and unified on one principal plane 4a of the disc-like ceramic 
base 4 so that this film— like electrode 1 may be covered. Thereby, the film-tike electrode 1 is 
built in between the ceramic base 4 and the insulating dielectric layer 2. An electrode terminal 5 
is laid under the interior of the ceramic base 4, the Rim-like electrode 1 is connected to the end 
of this electrode terminal 5. and the electrode cable 6 is connected to the other end of an 
electrode term rial 5. This electrode cable 6 is connected to the positive electrode of DC power 
supply 8, and the negative electrode of DC power supply 8 is connected to an earth wire 7. 
[001 1] In case this electrostatic chuck is operated, the adsorbs te— ed can be fixed and held on 
the insulating dielectric layer 2 by laying the adsorbate-ed of semi-conductor wafer 3 grade in 
the top face of the insulating dielectric layer 2. contacting an earth wire 7 to the adsorbate-ed. 
and impressing an electrical potential difference between this adsorbate-ed and the film-like 
electrode 1 . In order to acquire big adsorption power in an electrostatic chuck, it becomes 
conditions that resistance of a dielectric layer is low to some extent, and the volume resistivity 
is specifically made the optimal [ 1010 - 1012 ohm- cm extent ]. 

[0012] Since the insulating dielectric layer of this example consists of silicon nitride, it can be 
used for example for semiconductor fabrication machines and equipment, such as a heat CVD 
system. That is. although an insulating dielectric layer is heated by a maximum of 600 degrees C 
in a heat CVD system, even if heated by this temperature, the volume resistivities of the 
insulating dielectric layer 2 constituted with silicon nitride are tOIOohm and cm. and it is 
because it stops at a suitable value to acquire adsorption power electrostatic Furthermore, in 
this example, as an insulating dielectric layer 2. since the pore diameter of the maximum pore 
uses [ porosity ] silicon nitride S micrometers or less 3% or loss, it becomes possible even for a 
600- degree C elevated temperature to impress [ of direct current voltage required to adsorb a 
wafer etc. since the withstand voltage of the insulating dielectric layer 2 is high ], and sufficient 
adsorption power is acquired. They are [ as opposed to / when thickness of a dielectric layer 2 
is set to 300 micrometers in this example using the above-mentioned silicon nitride at the 
insulating dielectric layer 2 and it considers as 600 temperature / impression direct-current- 
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voltage 1000V ] 1000 g/cm2. Adsorption power was acquired. 

[0013] On the other hand, when porosity uses for the insulating dielectric layer 2 the silicon 
nitride whose pore diameter of 10% and the maximum pore is 20 micrometers, it sots in 
temperature of 600 degrees C. and it is adsorption power 1000 g/cm2. Before obtaining, the 
ceramic dielectric layer carried out dielectric breakdown, and was not able to use it as an 
electrostatic chuck. 

[0014] In addition, the porosity of the silicon nitride used for the insulating dielectric layer 2 
measured and obtained the sample which are the same conditions and was created by the 
Archimedes method. Moreover, the average with the 50 maximum pores which observed ten 
places of a polished surface with the scanning electron microscope showed the pore diameter of 
the maximum pore about five samples too created on the same conditions. 
[0015] The reason from which the electrical potential difference which can be impressed as 
mentioned above differed with the porosity of the silicon nitride used for the insulating dielectric 
layer 2 and the pore diameter of the maximum pore is considered as follows. That is. since the 
dielectric constant of the pore in the ceramics is equal to it of air. when much pores exist in the 
ceramics, the dielectric constant of the efficiency of the ceramics will fall, this — a logarithm — 
when it thinks by the mixing rule, the decline in a dielectric constant in case 3% of pores exists, 
for example is about 7%, but if pore exists no less than 10%. the decline in a dielectric constant 
will also become 20% Therefore, oven if it impresses the same electrical potential difference, the 
electrostatic adsorption power acquired declines greatly. Moreover, compared with the part of 
bulk, twice [ specific-inductive-capacity ] as many electric field as bulk are built over the pore in 
tho ceramics, and it is so easy to discharge in it Furthermore, withstand voltage is the 
abbreviation 1/2 for tho pore diameter of the maximum pore which exists in the ceramics as 
measurement results, such as an artificer, show to drawing 2 . It seems that it changes in 
proportion to **. For example, when the pore diameter of the maximum pore shown in the 
example of a comparison was 20 micrometers, withstand voltage was halved compared with tho 
case of 5 micrometers of an example, for this reason, since there is much pore in the case of 
the oxample of a comparison, the dielectric constant of efficiency falls, and since temperature is 
still as higher as 600 degrees C, withstand voltage falls — in addition, since pore is large, it is 
thought that it became impossible to impress direct current voltage required to acquire 
necessary adsorption power from original withstand voltage being low. 

[0016] The above-mentioned example showed the case where an insulating dielectric layer 
consisted of silicon nitride. However, in an elevated temperature, for example. 600 degrees C, it 
is going to just guess easily from the above-mentioned explanation that it is what can use other 
dielectric ingredients if 1010 - 1012 ohm-cm and specific inductive capacity havo the volume 
resistivity equivalent to silicon nitride. As ingredients other than silicon nitride, alumimium nitride, 
beryliia. a magnesia, a spinel, the alumina of 97% or more of purity, etc. can be mentioned, for 
example. Furthermore, unless a volume resistivity, a dielectric constant, and withstand voltage 
are reduced remarkably, it is also possible to use the ceramics which contains other components 
by using the above-mentioned ingredient as a principal component. 

[0017] In addition, although this example showed the ingredient of an insulating dielectric layer, 
the ceramic base 4 shown in drawing 1 can also consist of same ingredients as the above- 
mentioned insulating dielectric layer. In this case, since it is possible for heat expansion of an 
insulating diolectric layer and a ceramic base to be in agreement, and to fabricato both to ono, it 
is more suitable. 

[0018] (Example 2) this invention person advanced research focusing on the technique of heat- 
treating especially a semi-conductor wafer, based on the knowledge shown in the above- 
mentioned example 1. As mentioned already, the electrostatic chuck which operates at a thing 
elevated temperature about 600 degrees C onco was realizable. However, in order to actually 
have heated the semi-conductor wafer etc., it turned out that the problem also remains. 
[0019] That is. this invention person examined heating using equipment as first shown in drawing 
4 roughly, adsorbing the semi-conductor wafer 3. It sets here and is electrostatic chuck 168. 
The configuration of tho very thing is the same as the configuration of the electrostatic chuck 
1 6 mentioned above. However, terminal 5A was mado crooked about 90 degrees, ono edge of 
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terminal 5A was connected to the film-like electrode 1, and the other end was exposed to side 
peripheral surface 4c of the ceramic base 4. Such electrostatic chuck 168 It can be used good 
in an elevated temperature and a high vacuum. 

[0020] Such electrostatic chuck 1 68 (or 1 6) Although it was the translation heated considering 
as a premise and adsorbing a semi-conductor wafer, it tunned out that it is difficult to perform 
this heating good. That is, this invention person is exoergic side 1 3a of the stainless steel heater 
1 3. Principal plane 4b of another side of the ceramic base 4 was laid. In this stainless steel 
heater 1 3. the disc-like base 1 4 is formed from stainless steel and the resistance heating 
element 15 is laid under the interior of the discHfco base 14. A cable 12 is connected to the 
both ends of the resistance heating element 1 5. respectively, and the cable 1 2 of a pair is 
connected to AC power supply 1 1 to them. 

[0021] However, with the equipment for semi-conductor manufacture which needs a super clean 
condition, corrosive gas, such as chlorine-based gas and fluorine system gas, is used as the gas 
for deposition, tho gas for etching, and gas for cleaning. For this reason, within tho equipment for 
semi-conductor manufacture, since hot corrosive gas was exposed to stainless steel, the 
particle which is not desirable occurred. 

[0022] Furthermore, the front face and the semi-conductor wafer 3 of the insulating dielectric 
layer 2 are stuck. However, exoergic side 1 3a of the stainless steel heater 1 3 It has not 
necessarily stuck completely and principal plane 4b is 100. mum The following clearances are 
generated. Few of this clearance is serious in semiconductor fabrication machines and 
equipment. That is, if there is a pressure of 1 or more Torrs. since the behavior of a gas 
molecule is in a viscous flow region and the heat transfer (heat transfer) by the gas molecule 
occurs, it is exoergic side 13a. Heat is electrostatic chuck 16B. It is transmitted comparatively 
well. However, in the inside high vacuum of 1 0 to 3 or less Torrs. the behavior of gas makes it a 
molecular flow region henceforth, and conduction by the convection current of gas becomes very 
small. 

[0023] For this reason, under inside high vacuum conditions, it is exoergic side 1 3a. Even if heat 
is not well transmitted between principal plane 4b. but heat loss bocomes large and it moreover 
changed the output of the stainless steel heater 1 3. the responsibility of the temperature change 
of the semi-conductor wafer 3 was bad. And even if there is size and the magnitude of a 
clearance changes also to the magnitude of a clearance a little by the location, temperature 
changes quite remarkably. For this reason, it was also difficult to cover the whole surface and to 
heat the semi-conductor wafer 3 to homogeneity. 

[0024] Then, this invention person is electrostatic chuck 1 6A as roughly shown in drawing 3 . It 
developed. This electrostatic chuck 1 6A Inside, since the configuration of tho film-like electrode 
1. the insulating dielectric layer 2. and terminal 5 grade is the same as that of what was shown in 
drawing 1 , a part of that explanation may be omitted. 

[0025] The resistance heating element 10 is laid under the interior of the disc-like ceramic base 
4. If ceramic base 4 the very thing is superficially seen from the principal plane 4a side, tho 
resistance heating element 10 is laid underground spirally. If the configuration of resistance 
heating element 1 0 the very thing is seen, it is wound spirally. The cylindrical shape-like terminal 
9 is connected to the both ends of the resistance heating element 10, respectively, and each 
terminal 9 is being laid underground and fixed to them by the ceramic base 4. The end face of 
each terminal 9 is exposed to principal plane 4b, respectively, and the cable 12 is joined to these 
end faces. The cable 1 2 of a pair is connected to AC power supply 1 1 . respectively. It energizes 
to the resistance heating element 1 0. and it is made to generate heat by operating the switch 
which carried out the illustration abbreviation. 

[0026] As for the quality of the material of the resistance heating element 10 and a terminal 9. it 
is desirable that the ceramic base 4 and coefficient of thermal expansion consider as a near 
thing. When the ceramic base 4 is formed with silicon nitride, it is desirable to use the quality of 
the material of a resistance heating element as a tungsten, molybdenum, platinum, etc. 
[0027] In case tho semi-conductor wafer 3 is heat-treated, a wafer 3 is installed in the wafer 
adsorption side of the insulating dielectric layer 2, and an earth wire 7 is contacted to a wafer 3. 
And positive charge is accumulated in the film-like electrode I . polarization of the insulating 
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dielectric layer 2 is carried out. and positive charge is stored up in the wafer adsorption side side 
of the insulating dielectric layer 2. A negative charge is stored up in a wafer 3 and a wafer 3 is 
made to stick to a wafer adsorption side with the Coulomb attraction between a dielectric layer 

2 and a wafer 3 with iL With this, the resistance heating element 10 is made to generate heat, 
and a wafer adsorption side is heated to predetermined temperature. 

[0028] According to such an electrostatic chuck, adsorbing [ to e wafer adsorption side ] a wafer 

3 according to Coulomb force on the whole surface, a wafer adsorption side can be heated to 
coincidence and a wafer can be heated therefore — * especially — the crown — in a vacuum, it 
can continue all over a wafer, the flattery nature of temperature can become good, the wafer 3 
whole can be made to soak-ize. and the fall of the soak nature of the wafer W by the clearance 
between a wafer 3 and a wafer heating surface does not arise. Therefore, it can continue ail over 
a wafer, heat treatment of a wafer 3 can be carried out to homogeneity, and the yield fall of a 
semi-conductor can be prevented 

[0029] Furthermore, since the resistance heating element 10 is laid under the interior of the 
ceramic base 4 and the filmHiko electrode t is built in between the insulating dielectric layer 2 
and the ceramic base 4. contamination like [ in the case of using a stainless steel heater ] is not 
produced, furthermore, since the resistance heating element 1 0 which is a heat source is laid 
underground in the ceramic base 4. compared with installing a heat source in the exterior of an 
electrostatic chuck, thermal efficiency is alike and high. As especially the heat from an external 
heat source was mentioned above under the inside high vacuum of 10 to 3 or less Torrs. very 
much, it is that of a pile and it is very effective for propagation to make a resistance heating 
element build in an electrostatic chuck like this example. 

[0030] The experiment which compares soak nature with thermal efficiency was conducted 
about each heating facility shown in d raw i ng 3 and drawin g 4 . As the quality of the material of 
the ceramic base 4 and the insulating dielectric layer 2. it is the pore diameter of 3 micrometers 
of 2% of porosity, and the maximum pore. The silicon nitride ceramics was used. The diameter of 
the semi-conductor wafer 3 was made into 8 inches. The stainless steel heater 1 3 and 
electrostatic chuck 16B It receives mutually, pressurizes and is exoergic side 1 3a. It is a 
clearance between principal plane 4b 100 mum It considered as the following. The pressure in 
semiconductor fabrication machines and equipment was set to 1x10-6Torr. and applied voltage 
of AC power supply 1 1 was set to 1000V. 

{0031] In the equipment shown in drawing 3 . when the mean temperature of semiconductor 
wafer 3 front face became 300 **. the skin temperature of the insulating dielectric layer 2 was 
320 **. and the variation in the skin temperature of the semi-conductor wafer 3 was **3 
degrees C. In the equipment shown in drawing_4 , when the mean temperature of the front face 
of the semi-conductor wafer 3 became 300 **. the skin temperature of the stainless steel 
heater 1 3 was 580 **, and the variation in the skin temperature of the semi-conductor wafer 3 
was **15 degrees C. 
[0032] 

[Effect of the Invention] Since according to the electrostatic chuck concerning this invention a 
volume resistivity with a suitable insulating dielectric layer to demonstrate the static electricity- 
adsorption power and a dielectric constant are held and the insulating dielectric layer is 
constituted from silicon nitride with a pore diameter [ of 3% or less of porosity, and tho maximum 
pore ] of 5 micrometers or less etc, for example it does not fall [ withstand voltage is also large 
and ] in the elevated temperature of a heat CVD system etc, and an inside high vacuum, a semi- 
conductor wafer etc. can be adsorbed. 
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♦ NOTICES ♦ 

JPO and NCIPI are not responsible for any 
daancss caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawffig 1] It is the outline sectional view showing the electrostatic chuck 1 6 concerning the 
example of this invention. 

[Drawing 2] It is the graph in the temperature of 600 degrees C which shows the relation 
between withstand voltage and the magnitude of the maximum pore of the silicon nitride 
ceramics of this example. 

[Drawggjj] Electrostatic chuck 1 6A It is the shown outline sectional view. 

[Drawing_4j The stainless steel heater 1 3 and electrostatic chuck 1 6B It is the outline sectional 
view showing the condition of having put 
[Description of Notations] 

1 Film-like Electrode 

2 Insulating Dielectric Layer 

3 Semi-conductor Wafer 

4 Ceramic Base 

4a One principal plane 

4b The principal plane of another side 

5 5A Electrode terminal 

6 Electrode Cable 

7 Earth Wire 

8 DC Power Supply 

9 Terminal 

10 Resistance Heating Element 

16, 18A. 16B Electrostatic chuck concerning the example of this invention 
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